Obstructive sleep apnea syndrome (OSAS) may predispose patients to congestive heart failure, suggesting a deleterious effect of OSAS on myocardial contractility. We investigated whether essential hypertensive individuals with OSAS are characterized by decreased right and left ventricular myocardial performance. Our study population consisted of 45 consecutive patients with newly diagnosed untreated stage I-II essential hypertension suffering from OSAS (35 men, aged 49 ± 8 years) and 48 hypertensives without OSAS, matched for age, sex, level of blood pressure, heart rate, body mass index and smoking status. All subjects underwent polysomnography and echocardiography. Right and left ventricular functions were evaluated using the myocardial performance index (MPI). Right and left ventricular functions were altered in hypertensives with OSAS. The mean right MPI was 0.26 ± 0.11 in hypertensives without OSAS and 0.51 ± 0.16 in hypertensives with OSAS (Po0.01). The mean left MPI values were 0.29 ± 0.07 and 0.44 ± 0.13, respectively (Po0.01). Right and left MPI correlated positively and significantly with apnea-hypopnea index (q¼0.40, P¼0.002).OSAS is associated with impaired right and left ventricular function. These phenomena were independent of hypertension.
INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive collapse of the upper airway during sleep. 1 The obstructive apneic event is associated with considerable breathing efforts against a totally or partially occluded upper airway, and apnea is terminated by an arousal and heavy snoring as airflow is restored. Severity of OSAS is described according to the total number of apneas and hypopneas per hour of sleep, which is named as the apnea-hypopnea index (AHI).
Obstructive sleep apnea syndrome is highly prevalent, affecting an estimated 20% of the adult population. Cardiovascular disturbances are the most serious complications of OSAS. These complications include heart failure, acute myocardial infarction, nocturnal arrhythmias, stroke and systemic and pulmonary hypertension. All these cardiovascular complications increase the morbidity and the mortality of OSAS. 2 Currently, sleep apnea is accepted as one of the identifiable causes of hypertension. 3 In clinical practice, ventricular function is evaluated commonly using echocardiography to measure systolic and diastolic functions. The myocardial performance index (MPI) incorporates parameters of both systolic and diastolic functions, and therefore might be a more accurate and reflective measure of global ventricular function. 4 The MPI has been shown to be a valid, reproducible and simple noninvasive method to estimate global right and left ventricular functions, with important prognostic implications. 5, 6 In this study, we sought to estimate the right and left ventricular myocardial performance and other commonly used echocardiographic parameters in patients with newly diagnosed essential hypertensives with or without OSAS. We hypothesized that hypertensives with OSAS have impaired right and left ventricular myocardial performance when compared with control subjects, independent of hypertension.
METHODS

Study population
Our study population consisted of 45 consecutive patients (age range 37-65 years) with newly diagnosed (o2 years) untreated and uncomplicated stage I-II essential hypertension and presented with clinical evidence of OSAS. The latter was based on the Epworth sleepiness scale questionnaire with high scores (ESS 10). Office blood pressure measurements were obtained by a mercury sphygmomanometer, according to the recent guidelines of the Chinese Society of Hypertension. All subjects underwent the usual clinical and laboratory tests to rule out secondary and complicated hypertension. 7, 8 
Exclusion criteria
Exclusion criteria were as follows: (1) any cardiovascular disease or syncope, rhythm or conduction abnormalities, diabetes mellitus, familial hypercholesterolemia and any other clinically significant concurrent medical condition, such as renal, hepatic or gastrointestinal illness; (2) to exclude chronic respiratory diseases (obstructive or restrictive), chest X-ray, arterial blood gas analysis and a spirometry test were performed; (3) patients with an estimated pulmonary systolic pressure of X45 mm Hg; (4) subjects with proteinuria detectable by dipstick; (Any participant receiving hypolipidemic agents for at least 1 month before entry into the protocol and women on long-term estrogen replacement therapy were not included in this study.) (5) chronic severe alcoholism; (6) suboptimal echocardiographic images for measurements; (7) lack of patient authorization for clinical research.
Finally, 45 essential hypertensive patients fulfilled the above criteria and were selected for participation in this study.
A control group of 48 hypertensive individuals without clinical evidence of OSAS matched for age, sex, level of blood pressure, heart rate (HR), body mass index (BMI) and smoking status were selected from our pool.
Polysomnography study
Polysomnography was carried out on all subjects on the night of diagnosis. 9 Subjects were asked not to eat for 4 h before the study and to refrain from tea, coffee and alcohol consumption. 10 Data were collected and stored on an Alice-4 (Healthdyne/Respironics Inc., Murrysville, PA, USA) recording computerized system. The following variables were recorded: central referential electroencephalogram, bilateral electroculogram, submental and anterior tibialis electromyogram, electrocardiogram with precordial surface electrodes, nasal and oral airflow measured by thermistors and nasal pressure transducers, respiratory movements of rib cage and abdomen with piezosensor bands and arterial saturation with finger pulse oxymeter. Sleep staging and arousals were measured using standard methods. 11, 12 Obstructive apneas were defined as a cessation of airflow for at least 10 s in the presence of thoracoabdominal efforts, and hypopneas were defined as significant reductions in airflow for at least 10 s accompanied by oxyhemoglobin desaturation of 2% from baseline. All studies were interpreted by a board-certified sleep specialist. The obstructive AHI was defined according to the American Academy of Sleep Medicine Task Force clinical research criteria 13 , as the number of apnea plus hypopnea episodes per hour of sleep. The lowest AHI class (o5) was defined as normal. 14 Oxygen saturation before polysomnography and the lower oxygen saturation value (minSatO2) were also recorded.
Echocardiography
The echocardiographic study was performed using a Philips iE33 ultrasound imager equipped with a 2.5-5 MHz transducer. All measurements were performed with the subjects in the left lateral decubitus position by M-mode, two dimensional and Doppler ultrasound echocardiography. The duration of the examination was 20 min. The ventricular diameters, (EDD, dimensions in end diastole) volumes and functions were measured according to the recommendations of the American Society of Echocardiography. 15 Basic measurements of left ventricular dimensions in diastole and systole, thickness of IVS (interventricular septum), LVPW (left ventricular posterior wall) and left ventricular mass (LVM) were measured by the M-mode technique, and LVM was divided by body surface area to obtain the LVMI (LVM index). Left ventricular EF was calculated by the Simpson's method. Early (E) and atrial (A) transmitral maximal flow velocities, the ratio (E/A) and deceleration time of E-wave were registered. The left and right ventricular MPI was calculated as (isovolumic contraction time of the right/left ventricle+isovolumetric relaxation time of right/left ventricle)/pulmonary-aortic ejection time. Fractional area change was calculated as (end-diastolic area-endsystolic area)/end-diastolic area for the right and left ventricle in the apical fourchamber view. Three consecutive beats were measured and averaged for each measurement. In this protocol, the echocardiographic study was carried out by experienced senior operators who were blinded to the clinical status of the subject. Five random measurements were repeated 1 week, after the first measurements, to calculate the intraobserver variability of echocardiographic measurements including MPI, whereas for the interobserver variability, five random echocardiographic measurements were made by two persons. The percentage of variation in the means and s.e. of the measurements was compared using a paired t-test.
Laboratory and anthropometric measurements
Venous blood samples were obtained from each participant after overnight fasting, just after the polysomnography study for the determination of glucose, lipid profile and hemoglobin, according to established methods.
Physical examination was carried out on all subjects. Systolic and diastolic blood pressures were measured consecutively in the sitting position on the right arm using a mercury sphygmomanometer, after 5 min of rest. The mean of the two measurements was used for analysis. Hypertension was defined as blood pressure X140/90 mm Hg. HR per minute was measured in the sitting position, and the BMI of the patients was calculated as weight divided by height squared (kg m -2 ).
Statistical analysis
The SPSS statistical package, release 11.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. Owing to the skewed distribution, AHI values were logarithmically (log 10) transformed before statistical testing. Significant differences between the study subgroups were determined using the Student independent samples t-test or the chi-squared test where appropriate. Correlation analysis was performed using Pearson's correlation coefficient. To assess the relative strength of association of AHI and left MPI, multiple step-wise regression analysis was applied to hypertensive subjects with OSAS. Descriptive statistics were arithmetic means ± s.d. or medians (range) for skewed data. Statistical significance was set at Po0.05.
RESULTS
On the basis of the polysomnography study findings, our final hypertensive OSAS group consisted of 42 subjects with AHI class 45 (out of 45 with high clinical evidence of OSAS), and our final hypertensive-without-OSAS group consisted of 45 subjects with a negative polysomnography study (out of 48 without high clinical evidence of OSAS, two subjects refused to undergo the study).
As selected initially, the two groups of hypertensive subjects with and without OSAS were matched for age, sex, level of blood pressure, HR, BMI and smoking status ( Table 1) . As expected by definition in the OSAS hypertensive group, log AHI values were increased by 1.48 ± 0.36 episodes/h (P¼0.0001), minSatO2 was lower by 17 ± 7% (P¼0.0001), whereas oxygen saturation during wakefulness was similar in the two groups (Table 2) .
Hypertensive subjects with OSAS compared with those without OSAS did not differ in hemoglobin levels, fasting serum glucose, triglycerides, total cholesterol and low-and high-density lipoprotein cholesterol levels (P¼NS for all cases) ( Table 2) . Effect of OSAS on MPI in hypertensives J Gao et al
Reproducibility of echocardiographic measures
For patients with right ventricular MPI, the interobserver and intraobserver variability were 5.8 and 4.9%, respectively, whereas they were 3.6 and 2.1%, respectively, for patients with left ventricular MPI.
Basic echocardiographic measurements. Basic echocardiographic measurements of the left ventricle in the two groups are shown in Table 3 . The left ventricular end-diastolic and end-systolic diameters were not statistically different between the two groups. In patients withOSAS, thickness of IVS, LVPW, LVM and LVMI were higher. Left atrial diameter was significantly higher in hypertensive patients with OSAS than in those without OSAS (Po0.01).
Association between OSAS and left ventricular function. The left ventricular systolic and diastolic functions in patients with OSAS are shown in Table 3 . The left ventricular systolic function (EF and fractional shortening) and the diastolic function were not significantly different in the two groups and were in normal limits. The left ventricular MPI was significantly higher in patients with OSAS (0.44 ± 0.13) than in those without OSAS (0.29 ± 0.07; Po0.001). A positive correlation was shown between left ventricular MPI and AHI. Correlation between MPI and log AHI in OSAS patients is shown in Figure 1 , (r¼0.522, Po0.001).
Multiple step-wise regression analysis of left MPI. Using the multiple step-wise regression analysis of left MPI as a dependent variable, and LVM, left atrial volume, EDD, lowest oxyhemoglobin saturation and log AHI as independent variables, only log AHI and LVM were found to be independent predictors of the left MPI in hypertensive patients with OSAS (adjusted r 2 ¼0.489) ( Table 4) .
Association between OSAS and right ventricular function. Echocardiographic measurements in the right ventricle and the P-values for trend are displayed in Table 3 . There was an impaired global right ventricular function measured by the MPI across severity of patients with OSAS. Figure 2 shows the significant and positive correlation between right ventricular MPI and AHI (¼0.583; Po0.001). The systolic function measured by the fractional area change was impaired in hypertensive patients with OSAS.
The mean and lowest oxyhemoglobin saturation percentages were not related to any of the echocardiographic measures of the right and left ventricles across the AHI groups (P40.05 for all).
DISCUSSION
In our study, diabetes mellitus and coronary artery disease were excluded, and there was no significant difference in age, BMI and level of blood pressure of the patients. We found that IVS and LVPW diameters, and left ventricular hypertrophy (LVH), LVM and LVMI, were slightly higher in hypertensive patients with OSAS. A multivariate analysis should have been used in a large study population, to explain the effects of blood pressures or hypoxemia on LVH. Hedner et al. 16 reported that OSAS causes LVH in a study that compared 61 males with OSAS with 61 male control subjects. The OSAS group was heavier and 50% had systemic hypertension. They reported that LVM was 15% higher among normotensive OSAS patients compared with that in normotensive control subjects, despite comparison of subjects with matching BMI. More recently, Noda et al. 17 reported echocardiographic evidence of LVH in 50% of patients with an AHI420 h -1 compared with 21.4% in those with an AHI o20 h -1 . In contrast, Davies et al. 18 did not find a significant difference in LVM, determined by echocardiography, between 19 patients with OSAS, 19 nonapneic snorers and 38 control subjects matched for age, sex and BMI. In our study, blood pressure level was matched, so we conclude that OSAS can cause LVH.
The proposed causes of LVH in OSAS include associated changes in left ventricular afterload, intermittent hypoxemia and recurrent arousals during sleep. Left ventricular afterload increases during sleep in patients with OSAS because of the combined effects of increased negative intrathoracic pressure, associated with attempted breathing against an occluded upper airway, 19 and increased systemic blood pressure 20, 21 associated with elevated sympathetic nervous system activity, hypoxemia and arousal from sleep. 22 As the systolic and diastolic dysfunctions coexist frequently , it was shown that a combined measure of ventricular performance with calculation of MPI might be more reflective of overall cardiac dysfunction than systolic or diastolic measures alone. Our study shows an association between the severity of AHI and decreased right and left ventricular performance in patients with newly diagnosed systolic-diastolic essential hypertension with OSAS. The impairment in the left and right ventricular myocardial performance was most evident in patients with newly diagnosed systolic-diastolic Effect of OSAS on MPI in hypertensives J Gao et al essential hypertension without OSAS. We also showed that the left atrial diameter was increased significantly in patients with newly diagnosed systolic-diastolic essential hypertension with OSAS.
Association between OSAS and right ventricular dysfunction
There are several factors related closely to OSAS that can affect right ventricle structure and function, including obesity, elevations in the intrathoracic negative pressure related to apneic events and nocturnal increases in pulmonary vascular resistance, all of which have been related to impaired right ventricular filling and diastolic dysfunction. Earlier studies [23] [24] [25] assessing right ventricular function in patients with OSAS have been controversial and have had important limitations, including the use of right ventricular measurements with poor reproducibility, nonblinded measures, lack of a control group for comparisons and inadequate adjustment for known confounders.
In an earlier study, Dursunoglu et al. 26 studied global right ventricular function using the MPI in patients with OSAS, who had no history of cardiac and lung diseases. This study reported an excellent correlation between the right ventricular MPI and AHI (r¼0.84; Po0.001). After adjusting for some known confounders, including pulmonary systolic pressure and BMI, the correlation between global right ventricular dysfunction and AHI diminished but remained significantly correlated (¼0.40; P¼0.002) in Abel et al.'s study. That study supported the notion that obesity and pulmonary pressures are also important contributors to right ventricular dysfunction in patients with OSAS. For the association between OSAS and right ventricular ejection fraction, Sanner et al. 27 have earlier reported in a sample of patients without cardiovascular and pulmonary diseases, a significant negative correlation between AHI and right ventricular ejection fraction measured by radionuclide ventriculography (r¼À0.24; Po0.01).
In our study, the two groups were matched for age, sex, BMI and absence of any chronic respiratory diseases (obstructive or restrictive) and absence of pulmonary hypertension. We found a good correlation between the right ventricular MPI and AHI. Our study did not reach statistical significance between right fractional area change and AHI, which was similar to Abel et al.'s outcome. We found that the right ventricular function was related to the AHI and not to the lowest oxyhemoglobin saturation, suggesting that the pathophysiological interactions between OSAS and right ventricular function could be related more to the number of apneic events and the changes in the intrathoracic negative pressure, rather than primarily to oxygen desaturation. 28 Association between OSAS and left ventricular dysfunction In this study, we found that global left ventricular function, measured by MPI is impaired in patients newly diagnosed with hypertension with OSAS compared with the control hypertension subjects without OSAS. Our findings confirm and extend the results from earlier investigators, [29] [30] [31] who have found that left ventricular structure and function are affected in patients with OSAS. Global left ventricular function in patients with OSAS has been earlier reported. This study found a significant and positive correlation between the left ventricular MPI and AHI. However, in this study, the echocardiographic measures and analyses were not conducted blinded to polysomnography results. Nevertheless, this study is supportive of the notion that OSAS affects left ventricular function. In our study, LVH was founded in both groups. In a small sample of patients, Noda et al 24 reported that OSAS is associated with LVH, possibly because of the longstanding hypertension associated with OSAS. In this study, we found that global function measured by MPI was impaired in hypertension patients with OSAS, and that AHI is an independent predictor for the left MPI. But other parameters, including systolic function, were not different between groups. These findings suggest that OSAS can affect left ventricular function independently.
Strengths and limitations
The strengths of our study include the availability of polysomnography data, which is the 'gold standard' for OSAS diagnosis, and the existence of a control group without OSAS. In addition, we obtained good reproducibility of measurements of MPI and fractional area change, which were carried out blinded to the polysomnography results. The limitations of this study include the fact that we used office blood pressure measurements instead of ambulatory monitoring to evaluate the blood pressure level. OSAS is associated generally with the disappearance of nocturnal blood pressure dipping. Second, the population of this study is rather limited and selective. Third, despite having adjusted our results for confounders such as BMI, office blood pressure and plasma lipid levels, an absolute causal relationship between OSAS and MPI could not be derived easily, possibly because of the observational nature of the study.
CONCLUSIONS
This study shows that increased AHI in patients with obstructive sleep apnea syndrome may result in biventricular dysfunction. In this study, a significant positive correlation was shown between MPI and AHI of obstructive sleep apnea syndrome. These phenomena were independent of hypertension.
ABBREVIATIONS
AHI, apnea-hypopnea index; BMI, body mass index; CHF, congestive heart failure; IVSD, interventricular septal distance; LVH, left ventricular hypertrophy; LVM, left ventricular mass; LVPWT, left ventricular posterior wall thickness; MPI, myocardial performance index; OSAS, obstructive sleep apnea syndrome.
